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ACT: The speed imparted to a movable member being 
hydraulically returned to a null or neutral position is con- 
trolled by limiting fluid flow in the hydraulic system by provid- 
ing at least two parallel fluid flow paths in series with a source 
of fluid pressure and the hyoraulic means that returns the 
movable member to its null or neutral position. One such 
parallel fluid flow path provides a constant impedance to fluid 
flow and another parallel fluid flow path will temporarily pro- 
vide an additional fluid flow of a low impedance response to 
fluid pressure exceeding a predetermined level. 
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A primary object of this invention is to provide means for 
limiting the speed of hydraulically movable mechanical mem- 
bers by limiting the hydraulic energy applied to hydraulic ac- 
tuaeors. Anozher object of this invention is to control the 
speed imparted to movable members by a hydraulic servo 
loop. Other objects of this invention are to control the speed 
at which a simulated aircraft control column is retvrned to its 
null position by a hydraulic servo loop, and to return the con- 
trol column to this position without destroying the realistic 
simulated feel imparted to the operator by the control column. 

Briefly described, these and other objects of this invention 
are accomplished by a movable member coupled to and mova- 
ble by a hydraulic actuator. Speed controlling means coupled 
between a source of fluid pressure and the actuator includes a 
first fluid flow path having a constant impedance to fluid flow 
and a second fluid flow path in parallel with the first path and 
adapted to present a temporary impedance to fluid flow which 
is much lower than said constant impedance. The first path 
may include a linear flow rate valve and the second path a hol- 
low member for storing a quantity of fluid having a resiliently 
mounted piston therein. More specifically, the hydraulic ac- 
tuator and movable member may be coupled to a hydraulic 
servo valve to form a closed hydraulic servo loop with fluid 
flow to the servo valve being limited by the first and second 
&aid flow paths. 

These and others other features, objects and advantages of 
the present invention will become apparent from considera- 
tion ofthe folollowing detailed description taken in conjunction 
wit& the annexed drawings in which: 

FIG. I is a schematic illustration of hydraulic speed control 
means in accordance with the present invention and incor- 
porated into a hydraulic system for controlling the control 
column ofa simulated aircraft; 

1 
- _ _ _ _ _  GY ~~~~~E~ FOR ~~~~A~~~~ - -__ PIG. & is a graph which shows the distance versus time 

characteristic of the hydraulic actuator of FIG. 1 without the 
speed control means ofthis invention; and 

FIG. 2b is a graph which shows the distance Venus time 
of &e Unit& sbtes  Government and may be manufactured 5 characteristic Of the hydraulic actuator Of FIG. 1 with the 

ACTUATORS 

me invention described herein was made by an employee 

and used by or for the Government for Governmental pur- 
poses without the payment of any royalties thereon or DESCWapThlDN OF P%PEBERmmB E therefor. 

A hydraulic system that may impart motion to a movable 
io mechanical member is illustrated in FIG. B which shows a a3;ACKGWb)WND OF THE ~ ~ ~ ~ N T K O ~  

mis invention relates PO energy limiters for hydraulic actua- closed hydraulic system having a sxvO loop for returning a 
tom and more particularly to controlling the speed of hydrauli- ContrOI COlUltln 12 Of a flight s r to its null or neutral 
c a y  movable members being returned to a predetermined Paition 
position by a hydraulic servo loop. 15 endther 

Hydraulic systems are often used to move mechanical link- a fluid c lindrical housing 24, is divided 
ages. speed movement of such mechanical members, as a into two sections 21 and 23 kv a piston 18. A rigid rod 2’2, is 
result of an enOneOUS or inadvewnt step function or signal movably mounted at the iefe end of the cylindrical housing 24 
applied to the hydraulic system, creates a serious danger to with one end of the rod being coupled to the control column 
personnel in the vicinity of the mechanical member being 20 12 and the othe 
h y d ~ u ~ i c ~ ~ y  moved. Such hydraulic systems are sometimes 18. Hydraulic 1 
used in aircraft simulators to realistically simulate the feel and side of the Pist 
force needed to actuak aircrdt controls section 23 on f the piston 18 contained within 

which results in fluid flow out of section 23 into the hydraulic 

speed con*rol means ofthis invention. 

and/or to return such controls to a null or normal position. For the cylindric 
mme aircraft simulators utilize a hydraulic Servo 25 hydraulic lin 

luid flow into section 21 from 
to move to the right 

loop to the column to its normal position. 
in&emnt step function applied to such a hydraulic Servo 
loop, due 00 a malfunction in the servo loop or mme other 

. 

cause, imparts high speed movement to the control column 30 
which can easily result in serious injury to an operating stu- 
dent pilot. Any means used to prevent such high speed move- 
men8 preferably must not destroy the realistic feel that the 
control column, or wheel, presents to the student pilot since 
one of the primary uses of flight simulators is to train and in- 35 
stmct student pilots in actual flight conditions. 

kwise movement of 

to a hydraulic set- 

vided by the hydraulic line $2 and fluid flow from the serv 
valve is provided by the hydraulic line 68. The servo valve 3 

lustrated by the reference characters 32. The position of these 
elements 33 are controlled by solenoids schematically illus- 
trated by the reference characters 34 and 36. The control ele- 
ments 32 determine the direction of fluid flow through the 
hydraulic actuator 16, that is, into section 21 and out of sec- 

12 clockwise or into sec- 
the control column coun- 
and from the servo valve 

30 is always by way of the hydraulic lines 62 and BO respec- 
tively. The position of the elements 32, as determined by the 
solenoids 34 and 36, also determine the rate of fluid flow 
through the servo valve 30 and, therefore, through the actua- 
tor E6 to determine the speed and/or pressure imparted to the 
control column 12. 

§ ~ ~ ~ A ~ ~  OF THE INVENTION 

coupled to a fluid reservoir 9 
hydraulic pump 52 by way of the 

hydraulic line 94. The pump 5% is coupled to the hydraulic 
line 6%: by way of the hydraulic line S6 and a shutoff valve 64 
having an opened and closed position. 

Transducers, such as a force sensor and a position sensor 
50, coupled to the control column 1% produce electrical 
signals indicative of the position of the column 12 on Leads 46 
and 84 respectively. These signals are amplified by a seevoam- 
plifier 38 and applied to the solenoids 34 and 36 of the servo 
valve 30 by way of the leads 41 and 4@ respectively. These 
signals cause the position of the control elements 3% of the 
sew0 valve 368, as determined by the servo solenoids, to be re- 
lated to the position of the control column 12 in a manner well 
known in the art. As will be apparent to those skilled in the art, 
the servo valve 38, hydraulic actuator 16, servoamplifier 38 
and related components comprise a closed hydraulic servo 
loop. 

Assume now that the shutoff valve 

condition there is no 
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Under these conditions, no fluid flow takes place in the closed 
hydraulic system. 

Assume now that a student pilot now begins to move the 
control column counterclockwise to the position indicated by 15 
the dotted outline 12'. As the control column 12 is moved 

even when large scale step functions or had-over signals are 

presenb a constant im- 
accumulator prewnts a 
d a n c e  to fluid pressure 
insufficient to overcome 

to the right unti1 the stop nut $6 engages the piston stop 
When the piston is so moved, the modified accumulator 
presents a very low impedance to fluid flow until the R U ~  86 

pilot and realistically simulates the feel of an actual control 
column of an aircraft in flight the student pilot releases 
his pressure on the column 1 duces it to a level below 
that existing on the left side of the piston 18, the piston is 40 formance fluid flow to take place. This %dl system per- 

formance is limited by the position of the stop nut 86 on the 
13 the diameter of the cylinder 74 and 

is closed placing the 
or 72 into &e closed 

put commands to the control C O ~ M P ~ ~  2 %  
by a student pilot causes the column I2 eo be moved from k 
null position and results in the actuator 16 applying a restrain- 
ing force to column 83 which is proportional to the distance 

50 the column 12 is from its null psidon to simulate the feel of 

the servo valve 3@ and BC- 
return the control column 
as described above. Wow- 
through the constant im- 

odified accumulator 72. 

back to its null position enables the servoamplifier to propor- 

For moderate demands, the needle valve 66 presents the 

therethrough. However, when large demands are made 081 the 

signal is applied to the servo valve 3@, the pressure on the left 
side of the accumulator 73 piston 82 overcomes the force of 

. In the event of a greater than noma! flow rate 
demand, the nut 6 strikes the stop $8. 
further motion of the actuator 16 piston 1 
by fluid flow through the needle valve 66. As will now be 
clear, maximum speed is impaeted to the control column 11 

75 only dudng the time the modified accumulator 72 is actuaed. 

graph of distance versus time, shows that a large scale step 

travel a distance of about 7 inches in two-tenths of a second. 
As will be apparent from FIG. 1, this ca he end of the 
control column remote from the support travel a much 70 the spring 
farther distance in the same period of time. Such speeds im- 
parted to the control column can easily cause serious injury to 
any pemnnel located in the path of the control column 12. 
Such speeds have resulted in injury to the legs, hands, and 
other areas ofthe body of operating personnel. 
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The amount of this 
stated above, by the 

hers. Also, various changes and modifications can be made 
without departing &om the. spirit and scope of this invention. 
Accordingly, this invention is Io be limited only as recited in 
the following claims. 

1. Apgameus comprising: 
a movable member; 

vdve is open and all fluid flows therethrough. When the 
greater &an normal flow rate is no longer required, the accu- 

2 is returned to its ready position by the 

The speed limiting function of the needle valve 
accumulator 72 can be seen by FIG. b, which illustrates a 
distance versus time curve 92 for the actuator 16 piston 18 in 

ction applied to the servo 
and modied accumulator 

72 in the hydraulic system and the shutoff valve 54 closed. 
The curve 92 shows that maximum speed is imparted to the 
actuator 16 piston 18 a 
when the modified accu 
to the right as shown by 
the reference character 94. Thereafter, the speed of the actua- 

to a large scale seep 
with the needle valve 

7/10 seconds with the present invention as shown by FIG. 2b 
whereas the same distance was covered in a time of about two- 
tenths of B second without the present invention as shown by . 2a. 

Iso, FIG. Sb shows that the modified accumulator 72 con- 
ed the speed imparted to the control column 12 at the ini- 

tial part of the excursion and for only 10-20 percent of the 
total excursion. Since in all but catastrophic aircraft flight 
maneuvers high velocity motion of the control column is 
restricted to the initial portion of the excursion (the first 10- 
-20 percent); the curve of FIG. Zb imparts realistic aircraft 
flight pressures to the control column of a simulated aircraft 
without imparting speeds to the control column that can cause 
injury to personnel. It has been found that the reduction in full 
system performance produced by this invention in the case of 
aircraft simulator control actuators goes unnoticed in all but 
the most demanding situations. ]if desired, the apparatus of this 
invention can readily ed from the hydraulic system 
by opeing the shutoff 

Besides barely impa response of a hydraulic servo 
simulation system, the present invention is simple, economical 
and uses substantially only off the shelf items. The accumula- 
tor 92 is modified slightly by adding a stop pin and a return 
spdng. Tne speed control f this invention also prevents 
undue wear on the actuator 1 and attached equipment. 

It is to be understood that the present invention is not 
limited to a simulated aircraft control column hydraulic 
system for it can be used in other hydraulic systems for con- 
trolling the speed hydraulically imparted to movable mem- 

it; 
10 a source of fluid pressure; 

a valve coupled between said actuating means and said 
source, said member being quiescent when said valve i s  
closed; and 

means coupled between said pressure source and said valve 
for controlling the speed imparted to said member by said 

s when aaid valve is open includin * 
d parallel fluid paths, when saickvalve is 
first path offering a constant impedance to 

fluid flow and said second path temporarily offering an 
impedance substantially less than said constant inn- 
pedance and then an impedance substantially greater 
than said constant impedance. 

2. Apparatus in accordance with claim S wherein mid Bra8 
fluid path includes a linear flow rate valve and said second 

a chamber having a fluid inlet and B fluid outlet; 
a piston resiliently mounted within said chamber; and 
a stop to limit the travel of said piston within said chamber. 
3. A speed control apparatus for hydraulically actuaeed 

30 members comprising: 
a source of fluid pressure; 
a movable member; 
means coupled to said member for hydraulically actuating 

said member; 
an electrically-controlled fluid valve coupled between said 

actuating means and said pressure source; 
transducer means attached to said movable member for 

generating corrective electrical signals whenever said 
movable member is not in a predetermined null position; 

means for coupling said signals to said valve, said signals 
causing said valve to energize said actuating means and 
move said member back to said null position; and 

means coupled between said pressure source and said valve 
for controlling the speed imparted to said member by said 

first and second parallel fluid paths, when said actuating 
means is energized, said first path offering a constant 
impedance to fluid flow and said second path tsm- 
poradty offering an impedance substantially less than 
said constant impedance followed by an impedance 
substantially greater than said constant impedance. 

. Apparatus in accordance with claim 3 wherein said first 
fluid path includes a linear flow rate valve and said second 
fluid path includes: 

15 

20 

25 fluid path includes: 

35 

40 

45 actuating means and including: 

50 

55 a chamber having a fluid inlet and a fluid outlet; 
a piston resilientiy mounted within said chamber; and 
a stop to limit the travel of said piston within said chamber. 
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